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"METHOD OF MEASURING POLYN U CLEOTIDE AND REAGENT KIT FO» 

FOK USE THEKEIN" 
This invention relates to a method of measuring 
polynucleotide, i.e. deoxyribonucleic acid ( D NA) or 
ribonucleic acid ( RNA ) , in a fluid sample, in particular 
a body fluid. 

The measurement of a DNA in a sample of human 
serum provides significant results when testing for a 
viral infection or a hereditary disease, a conventional 
method of detecting a particular DNA comprises denaturing 
of a double-stranded DNA (d-DNA ) in a sample under 
investigation to produce a single-stranded DNA Cs-dna) 
immobilising the s-DNA on a carrier material, hybridising 
the immobilised s-DNA with a radioi sotope-labelled s-DNA 
removing unreacted radioisotope-labelled s-DNA, and then' 
measuring radioactivity of the inunobilised material. 
Since this method comprises many processes including 
immobilisation of each sample, it is complicated to carry 
out and hence the procedure is time consuming. 

It is an object of this invention to provide a 
simpler method of measuring a polynucleotide. 

According to this invention, there is provided a 
method of measuring a polynucleotide which is either 
single stranded as such or a single stranded 
polynucleotide obtained from a double stranded 
polynucleotide to be measured, which comprises 
contacting the single-stranded polynucleotide to be 
measured with an immobilised labelled single-stranded 
polynucleotide which is able to hybridise with said 
single-stranded polynucleotide in aqueous solution to 
produce a double-stranded polynucleotide, breaking the 
double-stranded polynucleotide thereby obtained by means 
of a double-stranded polynucleotide restriction enzyme 
and measuring the amount of labelling substance in the' 
solution obtained and/or on immobilised material, as 
appropriate as a measure of said single stranded and/or 
said double stranded polynucleotide to be measured 
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This invention also provides a reagent kit f« 

eV etho : comprisin? the af — . use 

- b elle d smole strand P ol y n U cl eotide and . 

5 The methodof this invention uses as starti 

materia! a single-stranded polynucleotide, hereinafter 
termed s-polynucleotide to be measured, which may be 
derived fro. a double stranded polynucleotide in which 

- obtained. The s-polynucleotide tQ 

»««.d may be s-ona or s-«na. „h.n th . funjlM „ t ^ 
polynucleotide in a sa.pl. to be determined i,'"" 1 
double-stranded, it is necessary that the polynucleotM 
be e tured by aUalin. treatment using a'so "Z 
hydroxide solution or heating to convert it to 
single-stranded polynucleotide. Test ,.,„,„ t . 
* ^ected to this method ...l*^^?..-' 

the polynucleotide in a s.c.oie. such as serum, the 
Protein is preferably separated off by usi „ 9 , for 
example, a protease. 

(lab.nT i °" , ° biUsed ^"Ole-stranded polynucleotide 
(labelled s-polynucleotide ) incorporates or has s " 
t^reto a labelling substance and'is able "o hyb dT e 
-1th the s-polynucleotid, to be measured. Be L 11 
l.beUed s-polynucleotid, acts as a prob which 1 " 
vridise with the s-polynucleotide to be me e " The 

del " 0Ude " ** 1SbelUd * P »duced 1; 8 
denaturation of a double-stranded polynucleotide 
cent „i„, the s-polynucleotide to be measured by means 
of alxaline treatment or heating. It may al so ba 
produced by a xnown solid phase polynucleotide synthesis 

The labelling substance which is used may be a 
radioisotope, a fluorescent material, a luminescent 
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include =h„ucal ly luminescent ..teriais such a" 
isoluminol and luminol, and a biolooic.llv ■ 
■> -t.ri.1 such as iucHerine^uc J r . 

5l „ C ose o.dase, P ero, das/and a> ^ 

Xy used « Si "« processes for measuring 
polynucleotide include heatina tha n *" u ""9 a 

5 thermostable Should ""^ iS D ' ef «*°ly 

«oie. Should an enzyme which is not 

thermostable be used, hybridisation may als* k 

out at 35 to 4n°r * u also.be carried 

to 40 C. Prosthetic groups include flavin 
adenine dinucleotide which is an active site of , 
•o-dase, and its amount can bs • of a g i Ucose 

> the activity of a holoenzvme aft L "7"^ 

apoeizvm*. r> reaction with an 

poenzyme. Coenzymes which may be used i„,, , 

-no Py ro P hos P ha t e. ^a-.^* ^ 
The carrier material of the labelled 

polyacrylamide. r 

synthesis route m „. K 9 en «al polynucleotide 

«n„ , m such a procedure, an 

oligonucleotide is first allowe<J ' " 

material, and th*n «*k t0 a ca "*er 

bind tp he oli Q ! n S - p0l ^ u ^eotide is allowed to 

«?_tne oligonucleotide by usino a v , 
*» ..in. 9roup or Clrb8xyl , r : up * ~-»- 

-polynudeotide. and then it is aUowed to b ndV 
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1 by using a reagent for peptide synthesis such as 

dicyclohexyl carbodi imide or carbonyldi imidazole . When 
both the s-polynucleotide and a carrier material have 
amino groups, they can be combined by using for example 
5 cyanuric chloride or glutaraldehyde. When both the 
materials contain SH groups, they can be combined by 
using a reductant or a reagent having maleimide group. 
A physical adsorption method may also be employed for the 
immobilisation. For example, nitrocellulose is immersed 

10 in a solution of the s-polynucleot ide for a prescribed 
time and then washed. Finally, the immobilised product 
may also be produced by connecting nucleotides 
successively on a carrier material using a solid phase 
synthesis method. 

15 Introduction of the labelling substance into the 

s-polynucleotide may be carried out by following a 
conventional method. The introduction is usually 
carried out prior to the immobilisation. However, when 
the labelling substance is a large molecule like an 

20 enzyme, the introduction is preferably carried out after 
the immobilisation. 

The s-polynucleotide to be measured is contacted 
with the labelled s-polynucleotide in the solution phase. 
The contacting time is usually about 0.5 to 40 hours. 

25 The temperature of the solution is preferably from 20 to 
70°C, and the pH is usually 5 to 9. 

The double-stranded polynucleotide restriction 
enzyme then used (hereinafter abbreviated as "restriction 
enzyme") is preferably one which is specific for 

30 double-stranded polynucleotides, and preferably 

recognises a short polynucleotide chain. Moreover two or 
more different restriction enzymes may be employed. The 
restriction enzyme is usually added to the solution after 
the hybridisation, although it may be added together with 

35 or prior to the s-polynucleotide to be measured. 

After the restriction enzyme reaction, the 
immobilised material is separated from the solution, if 
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1 necessary, and the residual labelling substance in the 
solution or of the immobilised material, as appropriate 
is measured. The measurement may be carried out by a ' 
Known method. Por sample, radioactivity Q f this 
5 material may be determined by using a scintillation 

counter or a Ceiger counter in the case of a radioisotope 
labelling element. pe 

Characteristically, the method of the invention 
does not need the Mobilisation of the s-polynucleotide 
10 to be measured, and is easy to carry out. instead 

standard reagents, and optionally devices, can be made 
available as a kit. a polynucleotide such as DNA can ^ 
be easUy detected or determined by using this kit " 

The following Examples illustrate this invention- 
15 EXAMPLE 1 

U I Preparation of H3V-DNA Probe 

500 ml c- a pool ssrum from chronic B-»y pe 
hepaftis patients w « re centrifu , ed 

«»«... ana the supernatant was further centrifuge/ 
20 us>„ 9 an ultrace.,tri : u 9 , at <°c at 100.000 x 9 for Ti- 
to collect „ev particles as a pellet. This pe i e Is 
*|..o v., i„ 10 ml of 0 . 01 „ tris . Ha bu(fer > • ™. 

PH 7.5 contain, 0.1 M Nacl. 1 mM EDTA, 0.1, by wi ° 
2-n-.rcaptoeth.nol and 0.1% by w.iont of BSA 5 „i T,\ 
:» virus soxution were stored, and the regain 9 * ^ 
centrifu 9 ed at l0 0.000 ,, for S hours to obtain a penet 

The pell.t was treated with 200 ul of 10 „„ 
.a M ».C1 P H ,., solution co„t.i„ in by 
0 . l 9 ht NP-40. .„d DNA polyaer.se was thereby act ! ted 
0 ul of 0.0, M H tris buffer solutio 0 pH 

U M W were .dded to this solution which w. a owed 
to war. up for 3 hours. Then, the solution was " ^ 
■/over 30, by wei 9 ht sucrose solution placed in . 

centrifuoe tube, and centrifuoed at 50.000 rpn, for 3 

hours usin, . sw S5 rotor ,»ade by Bec^n C o. , to obtain ' 
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a pellet. This pellet was treated with a protease, and 

two extractions from the solution were carried each with 

phenol. The extracts were combined and placed on. 5 to 

20% by weight sucrose solution gradient, and centrifuqed 

3 2 

at 50,000 rpm for 3 hours. 15 S PDNA fractions were 

3 2 

collected, and pooled. 15 S PDNA was precipitated from 
the pooled fractions by adding ethanol, and dried to 
obtain the target HBV-DNA. 

(2) Preparation of DNA Probe by Nick Translation 

1 ug of the above HBV-DNA was added to 100 ul of 
50 mM tris-HCl buffer solution of pH 7.5 containing 5 mM 
MgCl 2 , 10 mM 2-mercaptoethanol , 5 uMdTTP, 5 uMdGTP, 5 um 
- 32 P-dCTP (relative radioctivity 100-700 Ci/mmol) and 5 
uM - P-dATP (relative radioactivity 100-700 Ci/mmol). 
15 100 pg DNase I and 100 pg DNA polymeriase I were added to 
the solution which was incubated at 15°C for 90 minutes. 
Extraction of radioactive HBV-D-DNA from the solution was 
carried out by using phenol, and the extract was purified 
by using a Sephadex G-50 column. 
20 1 mg of this HBV-d-DNA ( 1 ml ) was mixed with Z mg 

of single-stranded Ml3-phage DNA ( 2 ml ) . 8 ml of 
formamide were added to the mixture which was then boiled 
for 5 minutes. Subsequently, 2 ml of 0.07 M tris-HCl 
buffer solution containing 2 M NaCl and 15 mM EDTA <pH 
25 7,5) were added to the solution which was then warmed at 
50°C for 4 hours and then at 60°C for 1 hour. 

The reaction mixture obtained was separated by 
gel-filtration using Bio-Gel A50 m, and hybridised DNA 
and unreacted DNA were removed. The first peak fraction 
near the void fraction was collected, and NaCl powder was 
dissolved therein in a concentration of 0.1 M. 100% 
ethanol in a volume twice that of the solution was added, 
and the solution obtained allowed to stand at -70°C for 2 
hours. Subsequently, the solution was centrifuged at 
35 17,000 xg for 10 minutes, and the precipitates which 

formed were collected. The precipitates were dissolved 
in 50 ml- of 0.001% Phenol Red solution containing 0.1 N 
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NaOH and 0.25 mM EDTA, and purified by gel -filtration 
using Bio-Gel A50 to obtain the target HBV-s-DNA. 

Meanwhile, 1 ug HBV , 100 pg DNase I and 100 pg dna 
polymerase I were added to 100 ul of 50 mM tris-HCl 
buffer solution of pH. 7.5 containing 5 mM MgClj, 10 mM . 
2-mercaptoethanol, 5 uMdTTP , 5 uMdGTP, 5 uMdCTP, 5 
•jMdATP, 10 um aminohexyl dATP and 10 uM aminohexyl dCTP 
and the solution was incubated at 15°C for 90 minutes. 
Extraction from the solution was carried out by using 
phenol, and the extract was purified by using Sephadex 
G-50 column to obtain a modified HBV-d-DNA. 

This d-DNA was converted to s-DNA by following the 
aforementioned procedure. 

(3) Preparation of Immobilised Material 

15 A polyuracil nucleotide was allowed to bind to 

CNBr-activated Sepharose gel beads. The radioactive 
HBV-s-DNA was added to the gel beads, and the 3' -terminal 
position of the polyuracil was allowed to bind to 
5 '-terminal position of the radioactive HBV-DNA by adding 
kna ligase. The gel beads were sufficiently washed with 
50% dimethylformamide containing 0.2 M NaCl to yield the 
required immobilised material. 

1.0 ml of d-DNA restriction enzyme solution (Bgl 
II, Ava II, Hae II, Hae HI, Hap II, Hinc II - each 1 
U/ml, 10 mM tris-HCl, 7 mM MgCl 2 , 70 mM NaCl, 7 mM 
2-mercaptoethanol, pH 7.5) was added to the immobilised 
material, and allowed to react at 3 7°C for 1 hour. 
Then, the immobilised material was sufficiently washed 
with the same dimethylformamide solution, and HBV-d-DNA 
30 was completely removed. 

(4) Measurement of Sample 

100 ul of 0.5 N NaOH solution were added to 100 ul 
of the serum of a HB viral hepatitis patient and 
stirring-at ambient temperature was carried out for 10 
35 minutes. Subsequently, the solution was neutralised by 
adding 100 ul of 0.5 N HC1, and 200 u l of 200 ug/ml 
proteinase K solution were then added. The solution was 
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1 allowed- to react at 70°C for 1 hour. The- immobi 1 ised 
materials prepared in step (3) were suspended in 1 ml of 
the solution. The mixture was allowed to stand 
overnight at 37°C. The mixture was centrifuged, and the 
5 supernatant was removed. 1.0 ml of d-DNA restriction 

enzyme solution (Bgl II, Ava II, Hae II, Hae III, Hap II, 
Hinc II - each 1 U/ml , 10 mM tris-HCl, 7 mM MgCl 2 , 70 mM 
NaCl, 7 mM 2-mercaptoethanol , pH 7.5) was added, and 
allowed to react at 37°C for 1 hour. After the 
3.0 reaction, the resulting mixture was centrifuged, and the 
radioactivity of 500 ul of the supernatant was measured 
by using a scintillation counter. 

The radioactivity reading was converted to 
dilution ratio of serum using the previously obtained 
15 standard plot of Fig.l on which the ordinate axis 

indicates the counting rate of radioactivity, and the 
abscissa indicates dilution. 

EXAMPLE 2 

(1) Preparation of Immobilised Material 
20 a solution containing 500 ug of aninohexyl-induced 

HBV-s-DNA was dropped onto a nitrocellulose filter (5x5 
cm) so as to permeate all over the filter. The filter 
was dried by heating under reduced pressure. 
Subsequently, the filter was washed sufficiently with 0.2 
25 M NaCl, and immersed in 0.1 M carbonate solution of pH 
8.0. 

100 mg of N 6 -(6-carboxyhexyl)-adenine flavine 
dinucleotide were dissolved in 10 ml of 
dimethylformamide. 50 mg of N-hydroxysuccinimide and 70 
mg of water-soluble carbodiimide were added to this 
solution, and reaction was allowed to take place at 
I ambient temperature for 1 hour. After the reaction, 

j -this solution was allowed to permeate all over the filter 

J which was allowed to stand at ambient temperature for 2 

35 days. This filter was washed sufficiently with 0.1 M 
carbonate solution, and, in this way, unreacted 
aminohexyl adenine flavine dinucleotide was removed. 
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(2) Measurement 

100 ul of 0.5 N NaOH were added to 100 ul ot ti. e 
serum of a HBV viral hepatitis patient, and stirred 
ambient temperature of 10 minutes. Subsequently, the" 
solution was neutralised by adding 100 ul of 0.5 N HC1, 
and 200 ul of 200 ug/ml of proteinase K were then added. 
The solution was allowed to react at 70°C for 1 hour, and 
then 200 ul of saturated phenol-chloroform solution d sl , 
were added. 200 ul of the aqueous layer separated off 
therefrom were dropped on to the above filter (1 x 1 cm), 
and allowed to react at 60°C for 2 hours. 1.0 ml of 
d-DNA restriction enzyme solution (Hae HI, Hinc II, xba 
I, Bgl H, Ham HI, Ava II, Alv I - each 1 U/ml, 20 MmM 
tris-HCl, 7 mM MgClj, 70 mM NaCl, 7 mM 2-mercaptoethanol , 
!5 p h 7.5) was added, and allowed to react at 37°C for 15 
minutes. After the reaction, the filter was removed, 
and 200 ul of a substrate solution (0.025% by weight 
ABTS, 1.81 £-D-glucose, 7 u g/ml POD , 0.1 M phosphate. pH 
6.0) containing 10 ug of apoglucose oxidase were added. 
Rate assay was carried out by measuring the increase of 
absorbance at 420 ran. 

The reading obtained was converted to dilution 
ratio of serum using the previously obtained standard 
plot of Fig. 2 on which the abscissa indicates dilution 
ratio of serum, and the ordinate indicates absorbance. 
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1 Claims : 

1. A method of measuring a polynucleotide which 
is either single stranded as such or a single stranded 
polynucleotide obtained from a double stranded 

i polynucleotide to be measured, which comprises, 

contacting t^e single-stranded polynucleotide to be 
measured with an immobilised labelled single-stranded 
polynucleotide which, is able to hybridise with said 
single-stranded polynucleotide in aqueous solution to 
produce a double-stranded polynucleotide, breaking the 
■icuble-strandec polynucleotide thereby obtained by means 

i double-stranded polynucleotide restriction enzyme, 
and measuring the amcunt of labelling substance in the 
solution obtained and/or cr. immobilised material, as 
15 appropriate as a measure cf said single stranded and/or 
said double stranded polynucleotide tc be measured. 

2. The method of clai^ 1, wherein said 
single-stranded polynucleotide to be measured is a 
single-stranded deoxyribonucleic acid or a 

20 single-stranded ribonucleic acid. 

3. The method of claim 1 or 2, wherein said 
labelling substance is selected from radioisotopes, 
fluorescent materials, luminescent materials, magnetic 
materials, enzymes, prosthetic groups thereof, coenzymes 

25 and enzyme inhibitors. 

4. The method of claim 3, wherein the labelling 
substance is a large molecule substance and has been 
introduced into the single-stranded polynucleotide prior 
to immobilisation thereof. 

30 5. The method of any one of claims 1 to 4, 

wherein the single-stranded polynucleotide which is 
labelled has been obtained by denaturation of a double 
stranded polynucleotide containing the single stranded 
polynucleotide to be measured. 

35 6. The method of any one of claims 1 to 3, 

wherein the single stranded polynucleotide which is 
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labelled' has been obtained by a solid phase 
polynucleotide synthesis method or by genetic synthe SiS 
with y-DNA using a plasmid. 

7.. The method of any one of the precedi ng .claims, 
wherein the carrier material is selected from Sepharose,' 
Sephadex, cellulose gel, ion exchange resin, filter 
paper, nitrocellulose, nylon, polystyrene and 
polyacrylamide. 

8. The method of any one of the preceding claims, 
wherein said contacting is carried out at from 20 to 70°C 
at a p H of from 5 to 9 over a period of from 0.5 to 40 



hours. 



9. The method of any preceding claim, wherein tne 
restriction enzyme is added to the aqueous solution after 
hybridisation has been effected therein. 

10. A kit of reagents for use in the method of 
any preceding claim which comprises an immobilised 
labelled single stranded polynucleotide which is able to 
hybndise with a single-stranded polynucleotide in an 
aqueous solution to produce a double-stranded 
polynucleotide and a restriction enzyme. 
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® Method of measuring polynucleotide and reagent kit for use therein. 

© Oisclosed is a method of measuring a polynucleotide 
such as DNA and RNA in a body fluid which does not require 
immobilisation of the test sample and whereby the poly- 
nucleotide is easily determined, wherein an immobilised 
single-stranded polynucleotide which is labelled is hybrid- 
ised with the single-stranded polynucleotide to be measured, 
the double-stranded polynucleotide formed by hybridisation 
is broken by means of a restriction enxyme and the labelling 
substance present is then determined as a measure of the 
polynucleotide being determined. 
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